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Abstract 
KU Leuven during more than 30 years has offered a safety study program to train safety experts at the university level, tailored to the 
Belgian legal requirements  Recently the KU Leuven (Katholieke Universiteit Leuven) adapted and expanded this program leading to the 
degree of master in safety engineering. The program is directed towards students who already have a master degree in engineering or in 
the exact or applied sciences. It consists of two parts which have a number of courses in common. These courses introduce safety as a 
science and cover subjects such as safety of industrial installations, building and fire and explosion safety, safety aspects of chemical and 
biological products and processes, qualitative risk analysis and safety management. The option Prevention of the program trains students 
to become general safety experts to be active in industry, government or general safety services (consulting…).  The option Process 
Safety aims at the training of safety experts in the field of industrial processes.  The whole program requires one year of full time study. 
Visits to e.g. industrial plants or laboratories are part of the program. In addition a large number of seminars given by experts in the field 
are planned illustrating the application of the various course topics. 
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1. Introduction 
For more than 30 years the Catholic University of Leuven (KU Leuven) has offered a study program in the field of 
engineering safety. The purpose was to train specialists that are able to fulfill the function of prevention advisor. In Belgium 
large industrial plants, by law, are obliged to employ a safety expert called a prevention advisor. Such an expert must have 
received in depth training in the various aspects of industrial safety. The requirements which this training must satisfy are 
laid down in law. The KU Leuven study program not only satisfies these requirements but goes further by providing the 
scientific bases of the various processes and techniques. 
Recently, in collaboration with industry, the study program has been restructured and expanded. On the one hand, 
although the need for well trained prevention advisors persists, the authorities felt that their training should reflect the 
evolution of labour conditions during the last decades. This led to considerable changes in the required training of 
prevention advisors. On the other hand industry expressed the need for training for technical safety specialists: engineers 
able to design and operate complex industrial processes and equipment satisfying the safety requirements. In addition it was 
felt that there was a lack of training for experts in the field of external safety, in particular the assessment of the impact of 
industrial accidents on the general public and the environment. This led to the restructuring of the program. 
2. General aspects 
The present study program is directed towards students already having a master degree in engineering or in the broader 
field of the applied sciences. The primary goal is to prepare them for a job in industry in which safety is the main concern. 
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In addition the need for safety experts of governmental institutions and consulting companies is recognized. 
Ensuring safety at work is a very complex task requiring insight into topics of widely differing nature. There are aspects 
of human behavior which come into play and therefore the safety expert must be familiar with the basic principles of 
psychology and ergonomics (stress, heat, noise…). There are the technical   aspects of the job to be performed (safe process 
conditions and procedures). The development of safe operating procedures requires the familiarity with techniques to 
identify and evaluate safety risks (fire, explosion…). It is important to learn from past incidents and accidents hence the 
need for specific statistical skills in order to detect causes and develop remediating measures. Safety at work is a team effort 
requiring an efficient management system. The body of legislation regarding industrial safety changes and expands 
constantly. Safety experts must closely follow such changes. 
Whether an industrial process is safe depends upon a large number of factors. The choice of the necessary material and 
process conditions (pressure, temperature, concentrations…) are essential parameters to be determined during the initial 
phase of the development of the process. The choice of the appropriate measurement and control equipment is made during 
the design phase. A risk analyses is necessary to determine the necessary safety equipment and to determine the 
acceptability of the installation developed. Constant follow up of the equipment is required in order to assess its 
performance and to take the necessary measures to guarantee its safe operation. All this requires specific skills. 
Considering this large diversity of knowledge and skills, it was considered necessary to split up the study program in 
two options. One option is aimed at the training of safety experts that will perform the function of prevention advisor. It is 
termed the option PREVENTION. The other option prepares students to function as technical experts in the field of process 
safety. It is called the PROCESS SAFETY option. Both programs start from a common core which consists of the basic 
elements of industrial safety as a science. A student has to choose between one of the options. 
To attain the program objectives, teaching activities consist of a combination of classroom lectures, practically oriented 
seminars and site visits. The professors come from the academic world both inside and outside K.U.Leuven, or have been 
recruited from reputable industrial companies because of their long-standing expertise  
Fig. 1 gives a schematic presentation of the overall study program. The total program, including the master thesis entails 
a total of 60 study credits, irrespective of the option. The common core consists of a number of courses which represent 23 
study credits. The master thesis is attributed 15 credits. This leaves 22 credits for the program options. 
 
 
Common compulsory courses (in English, 23 credits) 
 
   
Option “Process Safety”  
 Compulsory part (in English, 16 credits)
 Electives (in English, 6 credits)  
 
   
Option “Prevention”  
 Compulsory part (in Dutch, 16 credits) 
 Electives (in English/Dutch, 6 credits) 
 
   
Master’s thesis (15 credits) 
 
Fig. 1. Schematic presentation of the program structure. 
3. Basics 
The core of the program consists of a number of courses which are compulsory for both options (see Figure 2). The 
contents of these courses can be described as follows. 
3.1. Introduction to safety engineering 
This course is the starting point of the study program. The basic concepts (accident, risk...) of safety as a science are 
introduced and illustrated. An analysis of major industrial accidents is made to illustrate the large diversity of causes of 
accidents and the extent of their effects. The complexity of the task of safety experts is illustrated. The basics of risk 
analyses, prevention and protection are described. 
3.2. Prevention policy and safety management systems 
At the end of this course, the student is able to demonstrate why and how specific management systems and managerial 
tools will lead to a balanced control of occupational safety issues. He will be able to select an appropriate management 
system out of the available international standards, within the constraints imposed by legal and mandatory requirements. He 
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can analyze and optimize an existing safety management system and can implement the management systems studied in a 
real environment. 
 
MASTER OF SAFETY ENGINEERING 
(Credits) Courses                                                                                                                                                                         
 
(23) Common compulsory courses (English)  
 
 (3) Introduction to Safety Engineering  
 (3) Prevention Policy and Safety Management Systems   
 (4) Safety of Chemical and Biological Products and of Chemical Processes  
 (4) Safety Aspects of Industrial Installations 
 (3) Qualitative Risk Analysis Techniques  
 (3) Fire Protection and Building Safety  
 (3) Explosion Safety 
 
(16) Option Process Safety (English)  
Compulsory:   
(16) Option Prevention (Dutch)  
Compulsory:   
 (3) Quantitative Risk Analysis Techniques  
 (3) Statistics for Safety Engineers  
 (3) Process Control and Safety of Digital Systems  
 (4) Selected Topics: Safety in Unit Operations  
 (3) Selected Topics: Competence in Operations 
 
 (2) Introduction to Safety Engineering: Belgian Context  
 (3) Legal Aspects of Safety  
 (6) Ergonomics and Psychology  
 (5) Medical Implications of Safety  
 
(6) Option Process Safety (English) 
Elective choice:   
(6) Option Prevention (English/Dutch)  
Elective choice:    
 (3) Materials Selection  
 (3) Degradation and Corrosion  
 (3) Reliability and Safety of Nuclear Power Plants  
 (3) Advanced Process Control in the (Bio)Chemical Industry  
 
 (3) Quantitave Risk Analysis Techniques  
 (3) Statistics for Safety Engineers  
 (3) Process Control and Safety of Digital Systems  
 (3) Environmental Safety Management  
 
   
(15) Master’s thesis 
 
Fig. 2. Detailed program structure of Master of Safety Engineering, including course titles.  
3.3. Safety of chemical and biological products and of chemical processes 
The aims of the course are to achieve that the student can identify and assess the hazards of chemical and biological 
products, He can retrieve information on these hazards. He understands this information and  can interpret it. The student is 
familiar with the classification and labeling of chemical and biological products (REACH).The student knows the 
differences between chemical and biological product safety. 
3.4. Safety aspects of industrial installations 
The aim is to provide insight in the diverse technical safety problems in industry in order to allow the safety engineer to 
recognize the risks and to take the necessary measures to control them. The technical measures to guarantee the safe 
operation of systems such as thermal (heating and cooling) and electrical power plants are described and analyzed. National 
and international safety codes and directives concerning mechanical and electrical systems are described. 
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3.5. Qualitative risk analysis techniques 
The different qualitative techniques that are available for the identification and assessment of risks are described. Their 
specific applicability is discussed and demonstrated e.g. for the design of installations, for the execution of safety studies,
for the determination of SIL (Safety Integrity Level) classification, for accident investigations, for incident analysis etc.  
3.6. Fire protection and building safety 
The course covers the following aspects of fire protection: fire risk, severity of a fire, human reaction to fire, carbon 
monoxide poisoning, fire resistance, fire codes, fire properties of construction materials, legislation and standards, 
evacuation in case of fire and other emergencies, fire alarm systems, smoke and heat evacuation systems, fire extinguishing 
systems, fire safety engineering and management,  fire investigation.  
3.7. Explosion safety 
The course covers the topics such as explosion characteristics of gases, vapors, liquids and dusts, ignition sources, effects of
explosions, explosion prevention and protection, ATEX  and- hazardous area classification. Techniques with which the 
strength of explosions can be estimated are explained and illustrated.
4. Prevention
The option “Prevention” also includes non-technical aspects and refers to the local Belgian context. This option leads to 
the “Certificaat Preventieadviseur Niveau 1” as defined by Belgian law. Part of the teaching here is in Dutch. This option 
starts with the second part of the introductory safety course in which some specific local aspects of Belgian safety 
regulations are treated. The other compulsory courses of this option are as follows: 
4.1. Legal aspects of safety 
The aim is to provide insight into the legal context of plant internal and external safety with emphasis on accident and 
loss prevention. The skills are developed to solve safety problems taking into account the legal requirements. 
4.2. Ergonomics and psychology 
The course provides scientifically based insights into the man-machine environment with special attention for the 
perceptual-cognitive, motor and emotional aspects of human functionality and the factors which may have an impact upon it. 
The fundamental aspects of labor psychology are introduced by means of a description of the basic variables and processes 
and by a presentation of the most important theories. A number of methods and instruments are presented which are used in 
the field of labor psychology.
4.3. Medical implications of safety 
The goal of this course is to provide insight into the relationships between health effects, loss of health and unsafe work 
practices and conditions. In addition one demonstrates how risk factors related to occupational diseases and accidents can be 
present in the work environment and how these factors can be detected. The physiological criteria applied when establishing 
work load limiting values are explained. The student is provided with the basic knowledge and skills to allow him to 
establish the presence of health risks in practice. He should be able to develop the necessary preventive measures in 
collaboration with a medical doctor trained in occupational health. 
Students of the option Prevention in addition take 6 study credits from the group of courses listed in figure 2. 
5. Process safety 
Students interested in the more technical aspects of safety may select the option “Process Safety” which is geared 
towards the study of safe and reliable plant operation. Teaching is exclusively in English, opening up the program to an 
international audience. The compulsory courses of this option are: 
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5.1. Quantitative risk analysis techniques 
The objective of the course is to provide participants with the basic knowledge and skills to conduct a quantitative risk 
assessment (QRA). The course covers the key principles and the successive steps involved in performing a QRA::hazard 
identification and scenario selection, consequence and effect analysis, event probability and failure frequency calculation 
and presentation of risk estimates.The quantitative analyses of the various physical processes is described in detail.  
5.2. Statistics for safety engineers 
The course "statistics for safety engineers" specifically focuses on those elements in safety analysis that make use of 
probability and/or statistics and explains the basic theory and methods behind these elements. The objective is that the 
students hereby gain a better understanding of how probability and statistics can be used to quantify and improve safety and 
what the practical implications and limitations are. Emphasis is on concepts and practical applications.  
5.3. Process control and safety of digital systems 
The course on process control and safety of digital systems has as objective to provide the basic knowledge of and 
insight into process control and into the use of safety functions provided by digital systems..Students will be able to assess 
safety integrity levels and to understand system architectures that provide sufficient safety for specific applications. 
5.4. Selected topics: safety in unit operations 
In this course the student is introduced to the technique of process hazard analyses as applied to unit operation systems. 
An overview is given of various protective systems as applied in practice. Process hazard analyses are presented and 
analyzed for specific unit operations (reactor, distillation column…). 
5.5. Selected topics: competence in operations 
At the end of this course the student is able to implement protective systems and review their impact on normal process 
operations. He can set up a training program for operators to explain origin and functionality of the protective systems. He is 
able to determine if specific tools such as alarm management or risk based inspection would be helpful for the process 
safety concept of a manufacturing plant. He can explain the norms and guidelines for installing protective systems. 
The students of the option Process Safety can take up to 6 study credits of courses from a list of courses from other KU 
Leuven study programs (see Fig. 2). 
6. Conclusions 
After finishing this advanced master’s study program, the student should: 
 have a broadly based knowledge of the different scientific disciplines that are needed to study and analyze the diverse 
technical and non-technical issues related to safety technology, risk management and loss prevention. 
 have acquired the capabilities and competences to perform or co-ordinate a scientifically sound analysis of safety 
related problems and their solutions within the governing boundary conditions (legal, organizational, technical, 
environmental, etc.). 
